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Abstract 

Background: Tuberculosis (TB) continues to be the most frequent cause of illness and death from an infectious agent globally, 
and its interaction with HIV is having devastating effects. To investigate how HIV alters the immune response to Mycobacterium 
tuberculosis (IVItb), we assessed basal and Mfb-induced proliferation, cytokine production, and expression of signalling 
lymphocytic activation molecule (SLAM), inducible costimulator (ICOS) and programmed death-1 (PD-1) on T lymphocytes from 
HIV-positive individuals coinfected with TB, HIV-positive subjects, TB patients and healthy donors (HD). 
Findings: HIV-TB patients showed increased ICOS, SLAM and PD-1 basal levels on T lymphocytes, whereas HIV-positive 
individuals displayed elevated levels of SLAM and PD-1, TB patients high levels of SLAM, and HD low levels of the three proteins. 
/Wfb-stimulation enhanced ICOS expression in the four groups, but only TB and HD increased SLAM and PD-1 levels. 
Conclusions: These data show the immune deregulation that takes place during the immune response against TB in different 
study populations. 
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Introduction 

Tuberculosis (TB) continues to be the most frequent cause of 
illness and death from an infectious agent, and its interaction 
with HIV infection presents devastating effects. Globally, 9.2 
million new cases and 1.7 million deaths occur annually due 
to TB, of which 0.7 million cases and 0.2 million deaths 
correspond to HIV-positive individuals. HIV infection has 
emerged by far, as the most important of all the predisposing 
factors for the development of TB, and TB is often the 
sentinel illness of HIV infection. TB causes worsening of HIV 
disease status, increases viral replication, decreases immunity 
and hastens the onset of AIDS [1]. IFN-y production by Thl 
lymphocytes and macrophage activation are crucial in the 
defence against mycobacteria [2]. On the other hand, HIV 
infection is associated with a profound dysregulation of the 
immune system and alterations in the cytokine profile [3]. 

Several Tcell molecules such as the signalling lymphocytic 
activation molecule (SLAM), inducible costimulator (ICOS) 
and programmed death-1 (PD-1) have been shown to 
modulate the level and pattern of cytokines produced by 
T cells [4-6]. These costimulatory receptors fine tune the 
expansion and properties of activated T cells. ICOS signalling 
might promote expansion of effector cells that would traffic 
into inflamed tissues, interact with APC there and be 



regulated by PD-1 and its ligands [7]. Also, it has been 
shown that PD-1:PD-Ls interactions can regulate T cell 
proliferation, cytokine production [5], and the balance among 
tolerance, autoimmunity, infection and immunopathology 
[8]. In addition, PD-1 has a relevant role in HIV infection, 
since it has been reported that HIV-specific T cells express 
elevated levels of PD-1 and that this expression correlates 
with the viral load and inversely with CD4+ T cell counts. 
More importantly, antibody blockade of the PD-l/PD-Ll 
pathway was sufficient to both increase and stimulate 
virus-specific T cell proliferation and cytokine production. 
Moreover, it has been proposed that PD-1 is the major factor 
of immune exhaustion and activation in HIV infection [9]. 
Previously, we reported that both ICOS and SLAM activation 
promoted the induction of protective Thl cytokine responses 
against Mycobacterium tuberculosis {Mtb) [4,6] and the 
PD-l:PDLs pathway negatively modulates T cell effector 
functions during human TB [5]. Overall, a balance between 
activating and inhibitory signals ensures the development of 
an effective immune response. Therefore, to test the 
hypothesis that HIV infection could favour an alteration in 
the host immune response to IVItb, we investigated the 
regulation of the expression of the signalling molecules 
SLAM, ICOS and PD-1 during HIV TB and HIV-TB coinfection. 
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Materials and methods 
Patients 

Four groups of individuals were enrolled: (1) asymptomatic 
HIV-1 infected patients (HIV-positive), as determined by 
ELISA and confirmatory Western Blot and no history of 
being exposed to TB; (2) individuals with active TB; (3) HIV-1 
infected patients with active TB (HIV-TB), without other 
opportunistic infections; and (4) Bacillus Calmette-Guerin- 
vaccinated healthy donors (HD) with no history of TB 
contact. Patients with active TB were evaluated at Hospital 
F.J. Muniz. HIV-positive patients and HIV-TB individuals were 
enrolled at Hospital J. A. Fernandez. Diagnosis of TB was 
based on clinical and radiological data together with the 
identification of acid-fast bacilli in sputum or a positive 
culture of TB bacilli. HIV-TB individuals showed lower CD4 
counts than HIV-positive individuals (median + SD: HIV- 
positive group: 353 ±233 cells/|il; HIV-TB group: 106 ±195 
cells/|il, p<0.01, n=lS individuals per group, Mann 
Whitney test), but there were no differences in CD4 
percentages between groups (median ±SD: HIV-positive 
group: 20±8.8; HIV-TB group: 13±8.8, p =0.1726, n =1S 
individuals per group, Mann Whitney test). CD4 counts were 
not determined in TB patients. However, several reports 
indicate that TB patients display higher CD4 counts when 
comparing TB patients with HIV-TB patients [10,11] and 
lower when contrasting with HD values [11]. We did not 
observe statistical differences in HIV viral load between HIV- 
positive and HIV-TB individuals (median ±SD: HIV-positive 
group: 39.619 ±74.745 HIV copies/ml; HIV-TB group: 
68.554±2.4915 HIV copies/ml, p=n.s.). All participating 
patients had received less than one-week anti-TB therapy 
and no ARV treatment. Informed consent was obtained, 
according to the local ethics committee. 

Antigen 

In vitro stimulation of cells was performed with previously 
titrated M. tuberculosis H37Rv (Mycobacteria Research 
Laboratories, Colorado State University, Fort Collins, CO, 
USA), prepared by probe sonication. 

Culture conditions 

Peripheral blood mononuclear cells (PBMC) were isolated by 
density gradient centrifugation on Ficoll-Paque and cultured 
with M. tuberculosis (10 |j.g/ml) in 24- or 96-well plates with 
RPMI supplemented with L-glutamine, gentamincin and 10% 
human serum. After five days, cells were pulsed with [3H]TdR 
(1 |iCi/well) and harvested 16 hours later, and [3H]TdR 
incorporation was measured in a liquid scintillation counter. 
IFN-y and IL-10 production was measured by ELISA 
(eBioscience, USA). 

Phenotyping 

PBMC were stained with mAbs specific for CD3, ICOS, SLAM 
and PD-1 (eBioscience) before and after culture with 
sonicated M. tuberculosis. Negative control samples were 
incubated with irrelevant, isotype-matched mAbs in parallel 
with experimental samples. Samples were analyzed on a 
FACSCanto flow cytometer (BD Biosciences, USA). 



Statistical analysis 

Statistical analysis was performed using the non-parametric 
Wilcoxon Rank Sum test for paired samples and the Mann 
Whitney test for between-groups comparisons. Values of 
p <0.05 were considered significant. 

Results and discussion 

Immunity to TB requires the induction of IFN-y, a key 
cytokine mainly produced by T cells that enhances macro- 
phage function, crucial to control the pathogen. To investi- 
gate the alterations that HIV infection induces in the immune 
response during TB, we evaluated T cell proliferation, 
cytokine production and the expression of the costimulatory 
molecules ICOS, SLAM and PD-1 in individuals infected with 
HIV, dually infected with HIV-TB, patients with active TB and 
HD after in vitro stimulation with M. tuberculosis. 

Since protection against M. tuberculosis requires T cell 
activation and IFN-y production [12], and IL-10 inhibits pro- 
inflammatory responses to the pathogen [13], we first 
studied the cytokine and proliferating responses of HIV- 
positive, HIV-TB, TB and HD groups to M. tuberculosis. 
Antigen stimulation induced a significant proliferation in 
HIV-TB, TB and HD groups, whereas HIV-positive individuals 
showed impaired proliferation in response to the antigen 
compared to media (data not shown). Of note, basal 
proliferation was similar among groups (data not shown). 
Moreover, we observed a significantly higher proliferation 
index (PI) in HD compared with HIV-positive, HIV-TB and TB 
patients, showing the latter three groups a gradual increment 
in their PI from HIV-positive -> HIV-TB -> TB individuals 
(Figure lA). Importantly, cells from HD volunteers responded 
to Mtb stimulation because of their BCG-vaccinated condi- 
tion. The fact that these individuals display a significant 
response to M. tuberculosis is because of the previously 
described cross-reactivity between M. tuberculosis and BCG 
antigens [14]. 

Additionally, M. tuberculosis stimulation of PBMC from 
HIV-positive, HIV-TB, TB patients and HD induced a similar 
profile of differences in IFN-y production (Figure IB). 
Interestingly, IL-10 production was significantly increased in 
HIV-positive and HIV-TB patients after M. tuberculosis 
stimulation, compared to TB patients and HD (Figure IC). 
These data suggest that chronic HIV infection not only 
reduces CMI to M. tuberculosis but also redirects the pattern 
of cytokines towards an anti-inflammatory phenotype. Other 
authors explored the cytokine responses during HIV infection 
or coinfection HIV-TB. Zhang et al. studied the proliferative 
and cytokine responses to Mtb (Erdman strain) in HIV- 
positive and coinfected patients and observed a similar 
pattern in proliferation and IFN-y production. In contrast, 
they observed similar IL-10 responses between both groups, 
perhaps because of the different stimuli they used [15]. 
Also, Bal et al. also described the alterations in the cytokine 
profile induced by mitogens during TB, HIV, HIV-TB coinfec- 
tion and in HD and observed that the secretion of IFN-y 
was significantly lower in coinfected individuals than in TB 
patients and HD, but IL-10 production was lower in 
coinfected compared to HD and TB patients and did not 
differ from HIV-TB and HIV-positive individuals [16]. We can 
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Figure 1. In vitro responses to M. tuberculosis of HIV, HIV-TB, TB and HD individuals. (A) PBMC from individuals belonging to each group 
were cultured in the presence or absence of sonicated M. tuberculosis for five days and proliferation was determined by [^H-tymidine] 
incorporation. PI for each individual was calculated as: cpm after M. tubercu/os/s-stimulation/cpm after culturing with media. Each bar 
represents the median of the PI in each group (10 individuals per group). (B and C) PBMC from individuals belonging to each group were 
cultured in the presence or absence of antigen for 48 hours and (B) IFN-y and (C) IL-10 production was measured by ELISA. Each bar shows the 
median of the IFN-y or IL-10 production increment from media levels in each group (10 individuals per group). The values of delta (A) were 
calculated as follows: pg/ml of cytokine produced after M. tuberculosis stimulation — pg/ml of cytokine produced after culture with 
medium. *p <0.05, **p <0.01, ***p <0.005. HD, healthy donors; PBMC, peripheral blood mononuclear cells; Pi, proliferation index. 
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speculate from other works that M. tuberculosis as a hole 
bacteria will Induce IL-10 by both monocytes, mediated by 
Innate signals [17] and M. tuberculosis-spec'\f\c T lympho- 
cytes, arbitrated by specific recognition [17]. Moreover, we 
have previously described that the major source of IL-10 
during TB Infection are T lymphocytes [6], therefore we can 
hypothesize that. In colnfected Individuals, T lymphocytes will 
be producers of this cytokine. Overall, published data on 
cytokine responses to Mtb antigens Is extremely diverse, 
suggesting thus the need to further Investigate the cytokine 
profile of our study populations In the context of Mtfa-speclfic 
stimulation. 

Continuing our study, and In order to characterize the 
Immune dysregulatlon induced by HIV Infection In 
M. tuberculosis Immune responses, we analyzed basal 
expression of molecules Involved In T cell regulation of 
cytokine responses against mycobacteria: ICOS, an activation- 
dependent T cell molecule; SLAM, a promoter of T cell 
proliferation and IFN-y production; and PD-1, also crucial for 
effective Immune responses to HIV [4-6][18]. Only coln- 
fected patients showed increased ICOS levels compared to 
other groups (Figure 2A), Indicating that the Tcell activation 
necessary for a high ICOS expression occurs when both 
Infections are present, regardless of the IFN-y response to 
the bacteria. Moreover, basal expression of SLAM was 
significantly higher on T cells from HIV, HIV-TB and TB 
patients compared to HD (Figure 2A). To note, we believe 
that the differences in CD4 counts between HIV-posltlve and 
HIV-TB patients Is not a cause for the observed differences In 
signalling molecule's expression between both groups, since 
we observed a similar percentage of CD4 + T cells. Therefore, 
the observed differences In ICOS expression would be due to 
a discrepancy In Tcell activation Induced by the presence of 
both pathogens. 

Finally, we observed that basal expression of PD-1 on 
T lymphocytes from HIV-posltlve and HIV-TB Individuals was 
similar and significantly higher than TB patients and HD 
(Figure 2A). 

When studying the Ag-lnduced regulation of the 
receptors, we observed that all subject groups had an 
Increased ICOS expression in response to M. tuberculosis 
stimulation compared to media levels (Figure 2B). Never- 
theless, such relative Increment reached the highest values In 
HD, followed by TB and HIV-TB Individuals In the same 
extent, with HIV-positive patients displaying the lowest 
Increment (Figure 2C). ICOS promotes protective Thl cyto- 
kine responses to M. tuberculosis [4] and Inhibits the early 
steps of HIV-1 replication [19]. The significant differences 
observed In ICOS Increment between HD and HIV or HIV/TB 
patients (Figure 2C) Indicate that HIV Impairs the upregula- 
tlon of the receptor. Moreover, although there are no 
differences between HD and TB patients regarding ICOS 
Increment In Figure 2C, it should be kept In mind that TB 
patients have also certain degree of Impairment on their 
Immune response to M. tuberculosis, therefore the fact that 
there are no significant differences In Figure 2C Is not 
surprising. Hence, our results support that HIV Infection 
Impairs the M. tuberculosis-'mduced upregulatlon of ICOS 
(Figure 2B and C). These observations suggest a vital role for 



ICOS in colnfected Individuals, since although both HIV- 
posltlve and HIV-TB patients produce high levels of IL-10 after 
Ag-stlmulatlon, only HIV-TB individuals, displaying the highest 
ICOS expression, secrete more IFN-y than HIV-positive 
patients. 

The analysis of Ag-induced regulation of SLAM expression 
Indicated that HIV infection Impairs upregulatlon of the 
receptor, since both HIV-positive and HIV-TB Individuals did 
not augment their SLAM levels on T cells compared to 
unstimulated cells (Figure 2B). On the contrary, TB patients 
and HD increased their SLAM percentages on T lymphocytes 
In response to M. tuberculosis stimulation as previously 
reported [6]. Comparisons on the relative increment be- 
tween groups revealed that only HD Increased their SLAM 
expression from media levels (Figure 2C). The Impairment In 
SLAM upregulatlon observed In Figure 2C has to be analyzed 
comparing with HD's Increment, since TB patients have a 
reduced (yet significant from media levels) Increment In 
SLAM levels after antigen challenge. These data suggest 
that T cells from infected Individuals are activated at 
basal state, and HIV Infection negatively modulate the 
upregulatlon of SLAM. Moreover, although HIV-TB patients 
show high expression of the protein, this expression Is not 
enough to Induce a Thl cytokine profile In response to 
M. tuberculosis challenge In terms of IFN-y production. 
Although, in TB patients, the SLAM Increment was lower 
than HD, we previously demonstrated that SLAM engage- 
ment could enhance M. tuberculosis-spec\f\c Thl responses 
In TB patients [6]. We previously described that ICOS 
correlates with Mtt-induced IFN-y production in TB patients 
[4], and the correlation analysis of the data from our work 
also revealed that ICOS correlates with IFN-y production In 
HIV-infected individuals (data not shown. Spearman coeffi- 
cient 0.6199, p<0.05). Thus, our results formally demon- 
strate a direct correlation between the levels of ICOS and 
cytokine secretion In colnfected HIV-TB patients. Further- 
more, we also observed a direct correlation between the 
expression of SLAM and ICOS (data not shown. Spearman 
coefficient 0.8403, p< 0.0001), suggesting that the regula- 
tion of costlmulatory molecule's levels In colnfected patients 
Is primarily dependent on the specific response of their 
T cells to M. tuberculosis. 

Of note, SLAM and ICOS, both inducible T cell molecules, 
belong to two different families of receptors (SLAM to the 
IgG superfamlly and ICOS to the TNFR family). Therefore, they 
will have different transcription factor requirements for 
protein expression. But more Importantly, they work differ- 
ently In terms of T cell costlmulatlon: SLAM signalling 
promotes Thl patterns [20] whereas ICOS signalling Induces 
a Thl or Th2 cytokine pattern, depending on the surrounding 
environment [21]. Therefore, and taking into account that 
Tcell costimulation Is a hierarchical process with elements of 
mutual Interdependence between Individual costlmulators 
[21], It Is not surprising that both molecules show different 
expression patterns during the Infection with HIV and 
colnfectlon with TB. 

Finally, we observed that /W. tubercu/os/s-stimulation failed 
to induce any significant increase In PD-1 expression on 
T cells from HIV-posltlve and HIV-TB Individuals, Indicating an 
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Figure 2. Expression and regulation of costimulatory molecules on T lymphocytes before and after M. tuberculosis stimulation from HIV, 
HIV-TB, TB and HD individuals. (A) PBMC from individuals belonging to each group were stained for ICOS, SLAM or PD-1 and the expression 
of each molecule was evaluated using two-color flow cytometry. ICOS, SLAM or PD-1 expression on T cells was determined by first gating on 
total CD3-I- cells, then evaluating each molecule expression. Bars represent the median of ICOS, SLAM or PD-1 basal expression for each 
group. (B) PBMC from patients and HD were cultured in the presence or absence of sonicated M. tuberculosis. ICOS, SLAM or PD-1 expression 
was determined on T cells after five-day stimulation as in (A). The mean + SEM for each molecule expression is shown. (C) Increment in ICOS, 
SLAM and PD-1 expression from media levels was evaluated on T cells from individuals belonging to each group. The values of delta (A) were 
calculated as follows: percentage of CD3+ molecule + T cells after M. tuberculosis stimulation — percentage of CD3+ molecule + T cells 
after culture with medium. The median of molecule's delta is shown for each group. Ten individuals per group were evaluated. *p <0.05, 
***p< 0.005. HD, healthy donors; PBMC, peripheral blood mononuclear cells; ICOS, inducible costimulator; SLAM, signalling lymphocytic 
activation molecule; PD-1, programmed death-1. 
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exhaustion of T cells in these patients. In contrast, TB patients 
and HD showed a significant increment in PD-1 on their 
T cells in response to Ag stimulation (Figure 2B). The 
evaluation of the relative increment in PD-1 after Ag 
stimulation among groups showed a gradual increment 
from HIV-positive -> HIV-TB -> TB -> HD individuals (Figure 
2C). Hence, although HIV-positive and HIV-TB patients 
presented higher amounts of PD-1 at basal conditions, 
infection with HIV impaired the functional response of 
T lymphocytes in terms of upregulation of signalling mole- 
cules, necessary for a fully functional T cell response to 
M. tuberculosis. Expression of PD-1 is regulated not only by 
T cell activation status [5] but also by HIV peptides [22]. 
Besides, PD-1 signalling inhibits T cell effector functions 
during TB [5] and HIV [22]. The finding of a higher expression 
of PD-1 on T cells from HIV-TB and HIV-positive individuals 
support the idea of upregulation of PD-1 by viral proteins, in 
addition to the enhanced cell activation described for both 
infections [23,24]. Therefore, higher basal levels of PD-1 on 
T cells from HIV-TB and HIV-positive subjects may induce 
dysfunctional M. tuberculosis-specW\c T cells, reflected in 
lower levels of IFN-y production and proliferation in vitro 
against the antigen. After Ag-stimulation, neither HIV-TB nor 
HIV-positive patients could increase their PD-1 levels, further 
supporting the fact that HIV infection impedes a successful 
immune response to the pathogen. 

TB, HIV-positive and specially coinfected patients show a 
proinflammatory state, which means their peripheral blood 
cells are in contact with a milieu where cytokines, chemo- 
kines and other factors are present [25,26]. That situation 
provoked by the infection(s) induces non-specific activation 
of T lymphocytes, therefore increasing the expression of 
activation molecules. That could be the case for ICOS, SLAM 
and PD-1 molecules. We therefore propose that five days of 
culture in media alone will induce downregulation of those 
molecules because of the absence of stimuli, as proposed for 
FoxP3 expression on T cells [27]. 

HIV infection induces dysregulation of several T cell 
processes, including cytokine secretion, cytotoxic capacity 
and Tcell cooperation [28]. Expression of surface molecules 
reflects these changes, and therefore activation markers 
such as CD38, CD70, HLA-DR (also modulating antigen 
presentation) and CD45R0 among others will be dys- 
regulated [29]. In turn, advanced TB infection provokes a 
diminished capacity on T cell responses to M. tuberculosis 
antigens [30]. The overall result is a diminished T cell 
response capacity, reflected on a smaller amount of IFN-y 
production by T cells [30]. Our results are in concordance 
with the above-mentioned observations, since at baseline, 
HIV patients preferentially express low levels of ICOS, 
intermediate levels of SLAM and high levels of PD-1; HIV- 
TB individuals exhibit high levels of the three molecules, 
while TB patients show high levels only of SLAM on their 
T cells. The mechanisms involved need to be further 
elucidated and may lead to better understand the pathogen- 
esis of both diseases. 
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